16. E. Laviron,J. Elearoanal. Chem The imaging of living specimens in water by x-ray microscopy can be greatly enhanced with the use of an intense flash x-ray source and sophisticated technologies for reading x-ray images. A subpicosecond x-ray pulse from a laser-produced plasma was used to record the x-ray image ofliving sea urchin sperm in an x-ray resist. The resist reliefwas visualized at high resolution by atomic-force microscopy. Internal structure of the sperm head was evident, and the carbon density in a flagellum was estimated from the relief height.
dynamic range is large, the contrast of the image is inevitably low. AFM is a good technique for examining low-contrast topography. Moreover, the relief height can be measured with high precision, which allows us to discuss the density of specimens quantitatively. We report the use of AFM in contact XRM in imaging sea urchin sperm. After a detailed study of the laser-plasma x-ray source (7), we succeeded in obtaining one-shot x-ray image of specimens in water by using a low-energy (2-J) laser pulse (8) (Fig. 1) . The major concern in using a laser-plasma x-ray source was the effect of ultraviolet (UV) emission and debris from the plasma (9). We confirmed experimentally that the contribution of UV emission to resist exposure was negligible. Although the 0.1-pim-thick silicon nitride (Si3N4) membrane used as an x-ray window was broken after the x-ray exposure, the debris did not reach the resist surface when a specimen in water was imaged. The water between the membrane and the resist protected the resist surface from the debris. The specimen was the sperm of a sea urchin Anthocidaris crassisspina in semen solution. The undiluted semen was stored at 4°C. For the observation, the semen was diluted with a onequarter volume of artificial seawater. A drop of the diluted semen was sandwiched between the Si3N4 membrane and a polymethylmethacrylate (PMMA) x-ray resist. The laser plasma was produced by a frequencydoubled glass laser pulse (500 ps, 2 J). The specimen was placed 6 mm from the x-ray source. The x-ray energy density on the resist was 5 to 10 mJ/cm2. The main contri-X-RAY MICROSCOPY (XRM) HAS many potential advantages over electron microscopies (EMs) (1) . The most favored application is the observation of living cells in water with the use ofx-rays in the so-called water-window wavelength region (2.32 to 4.37 nm). Although there have been many synchrotron-radiation XRM studies (2) with an exposure time longer than a few seconds, flash exposure is essential for high-resolution imaging (3). Although a 100-ns x-ray pulse was used in the first experiment of flash XRM of specimen in water (4), the maximum exposure time for high-resolution imaging is considered to be shorter than 1 on a silicon wafer was used as an x-ray window. The membrane maintained the pressure difference between the vacuum region for the x-ray generation and the atmospheric specimen environment. The x-ray image is recorded in PMMA x-ray resist of 0.5-pLm thickness spun on another silicon wafer. The separation between the membrane and the resist was 3 pm and was estimated from the x-ray transmission through water. The minimum separation is limited by the flamess of wafers. bution to resist exposure comes from x-rays of 2.4-to 3.0-nm wavelength (10).
A photograph of the resist pattern observed in a differential interference optical microscope is shown in Fig. 2A . The x-ray image shows that the sperm have a coneshaped head 5 pgm in length and 1.7 pgm in diameter near the neck and a flagellum 40 pm in length. An AFM profile of the sperm head x-ray image is shown in Fig. 2B . The relief height of the head image is 0.075 pum. The flagellum image has a width of0.25 pum and the height of 0.025 pum.
We note some structure in the sperm head in Fig. 2B . Similar structure could be noticed in all of the sperm heads examined. The structure near the neck is most clearly seen in the sperm shown in Fig. 2C in which the AFM image is displayed in a different output mode. The x-ray image is constricted near the neck, and at the neck the center is dented. The structure of the sperm has been studied through the EM observations of fixed and thin sectioned specimens. Most of the sperm head is occupied by a nucleus, and the mitochondrion is contained near the neck (11). The mitochondrion has a doughnut shape around the so-called centriolar fossa. The constriction of the x-ray image corresponds to the interface of the nucleus and the mitochondrion, and the dent corresponds to the doughnut shape of the mitochondrion. These images demonstrate the capability of XRM for observing internal structures of living cells.
As described above, the width of flagellum image is 0.25 pm. on January 27, 2011 www.sciencemag.org power density, and angular position of the specimen were determined from this study. The most important finding in our study is that the water protects the recording x-ray resist from debris. 8. There are some reports of imaging hydrated specimens with laser pulses of several tens of joules of energy. 10 . The x-ray from our laser plasma showed a broad spectrum peaked at 2.8 nm. The water thickness in the experiment was estimated to be 3 pm from the transmission through the specimen. By taking account of the spectral dependence of the transmission through the 0.1-p9m Si3N4 membrane and 3 pgm of water and the sensitivity of the PMMA resist, the spectrum effective to the resist exposure was calculated. The main contribution comes from the x-rays of 2.4-to 3.0-nm wavelength. The contribution of x-rays outside the water-window region is negligibly small. 11. G. Giudice, Ed., The Sea Urchin Embryo (SpringerVerlag, Berlin, 1987), pp. 23-29.
12. When the dissolution rate R of a resist has a relation with the x-ray dose E of R x EW, the relief height h is given by h = (1 -T')d, where T is the transmission of the specimen and d is the developed resist depth. The integrated density ofthe specimen can be calculated from the transmission and the absorption coefficient. 13. Living cells are mainly composed of proteins, lipids, and water. In proteins and lipids, the density of carbon is roughly 0.7 g/cm' from the data in (16).
Nitrogen contained in protein contributes an additional 10% to the absorption. 14. A Opt. 28, 3397 (1989). 17. According to (16), the maximum allowable exposure time for 0.03-pum resolution is 27 ps when the x-ray dose is 15 kJ/g and the ratio ofspecific heats y is 1.1.
In our experiment, x-ray flux was 5 to 10 mJ/cm2 and the x-ray dose in the sperm was 100 to 200 J/g.
For the 500-ps duration x-ray exposure, the resolution is calculated to be -0.06 pgm. on January 27, 2011 www.sciencemag.org result would likely be the modification of other EC policies, rather than the modification or rejection of product approvals.
The overall thrust of the report is that the EC must maintain a competitive R&D base in biotechnology, and this cannot be done with national or EC-level regulations or restrictions that unduly hamper the research effort. Ethical issues are not ignored-the report proposes the creation of an EC-level ethical advisory panel for biotechnology issues. I interpret the report, however, as coming down on the side of research and scientific progress, and in that sense it should be welcomed by the scientific and business communities on 
